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PREFACE

This report describes one of several experiments conducted in the TRAIN Cooperative
Laboratory from October 1994 to March 1995. Funds for this research were provided by the U.S. Air
Force Office of Scientific Research and the Armstrong Laboratory TRAIN Project, AL/HRTI, Brooks
AFB, TX, Dr. Wes Regian, Director. A special thanks to Galaxy Scientific Corporation for data
collection.
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SUMMARY

This study tested the prediction that observational learning will be more effective for motor tasks
having substantial cognitive demands than for those that do not. Subjects were divided into three
treatment groups: performers, observers, and no-observe controls. In Phase I, subjects were trained on a
computer-based flight task requiring relatively little cognitive demands. In Phase II, subjects were
trained on a different flight task that had significant cognitive and strategic demands. In Phase,
performers were superior to both observers and controls; the observers did not differ significantly from
the controls. In Phase II, observation showed a beneficial effect for females. The female observers
performed as well as the female performers. The results of this study suggest that observational learning
benefits tasks with significant cognitive components more than tasks that are primarily psychomotor.
Implications for computer-based training are discussed.




THE ROLE OF OBSERVATIONAL LEARNING IN AUTOMATED
INSTRUCTION OF COMPLEX TASKS'

INTRODUCTION

Computer-Based Training (CBT) systems have historically been geared toward training
individuals rather than groups. Computer-Aided Instruction (CAI) systems are individualized in
the sense that they are self paced and may incorporate branching routines for additional
individualization of instruction. Intelligent Tutoring Systems (ITS), which are among the most
intelligent CAI systems, epitomize individually tailored instruction through student modeling and
remediation. While many ITSs have fared well on empirical evaluation (for a review see Shute
and Regian, 1990), some question their cost effectiveness (Clancey, 1992). Budget constraints in
many applied settings may limit the feasibility of providing every student with a computer. More
importantly, a pedagogy designed for individuals may ignore important social factors, such as
observational learning, that may be very beneficial in learning certain kinds of tasks. These
considerations have lead some researchers to explore automated instructional pedagogies that are
based on small groups rather than individuals (Shebilske and Regian, 1992).

Shebilske and his colleagues have begun to explore the role of observational learning in
computer-based training. Shebilske, Regian, Arthur, and Jordan (1992), examined a dyadic
Active Interlocked Modeling (AIM) protocol, in which each trainee alternatively controls half of
a complex task (i.e., Space Fortress) while observing another subject performing the other half.
This protocol allows each subject to learn critical task components by observing the actions and
reactions of their partner and then putting that knowledge to practice when roles are reversed.
Shebilske, Jordan, Arthur, and Regian (1993) expanded the dyadic protocol to a tetradic protocol
by adding two passive observation roles. Subjects rotated through all four roles. The results
revealed that four trainees could learn as well as one with one fourth the "hands on" practice and
one fourth the trainer time and resources.

The goal of the present experiment was to explore the conditions under which observational
learning is an effective pedagogy for computer-based flight simulator tasks. Bandura's
multiprocess theory of observational learning (Bandura, 1986) provides a basis for predicting
when and how observational learning may be used in computer-based training. In this theory
observational learning is determined by four processes: attention, retention, behavioral
production, and motivation. First subjects must be able to attend and extract the critical features
of the task. Then this information must be transformed into appropriate cognitive representations
that function as an internal model of the task. Next, behavioral production processes are needed
to translate the symbolic representation into appropriate actions. During this process, actions and
their consequences are compared to the internal model and behaviors are modified as a result of
the comparisons. Finally, motivation processes influence the acquisition of the internal model by
governing attention and retention processes. Motivation also influences performance of the
action by governing the behavioral production processes.

This theory predicts that if the spatial and temporal features of the task can be easily
extracted and coded, there will be little need for overt practice (Carroll and Bandura, 1985).
However, if the features are subtle or intricate it will be difficult to translate the internal model
into behaviors. Indeed, Martens, Burwitz, & Zuckerman (1976) showed that intricate motor
responses can not easily be translated from cognitive representations into actions. In other
words, observational learning will have more impact on tasks whose features can be easily
extracted and symbolically coded than on tasks whose features are subtle. In support of this
hypothesis, Bandura and Jeffery (1973) showed that responses were recalled better when they
were symbolically coded than when they were not. Moreover, they showed that for coded




responses, rehearsal of the symbolic code resulted in better performance than rehearsal of the
motor response itself.

The present experiment tests the hypothesis that observational learning will have more
benefit for tasks that can be symbolically coded than for tasks that cannot. We predict that
observational learning will have more impact on flight simulator tasks that require substantial
cognitive demands than simulator tasks that primarily require perceptual-motor responses. Thus,
in this study there were two phases: one devoted to a flight task that is primarily perceptual-
motor, and one devoted to a more cognitive-strategic flight task.

METHODS
Subjects

One hundred and two subjects (66 males and 36 females) completed the study. All subjects
were recruited by local temporary employment agencies and were paid about $5.00 per hour for
their participation. Subjects ranged in age from 18 to 30 years of age and had a high school
diploma or Graduate Equivalency Degree (GED), but had not completed a four-year college
degree. Subjects were screened to eliminate those who had previous experience with the
simulator or reported spending more than 20 hours per week playing video games. Subjects were
randomly assigned to three groups of 22 males and 12 females.

Equipment

The computer-based flight simulator, called Phoenix, was designed to train Heads-Up-
Display (HUD) reading and basic flight skills. The Phoenix display provides an out-of-cockpit
view of a simulated world. The HUD shows airspeed, heading, and altitude, as well as a
climb/dive ladder for pitch and roll. The data were collected in the TRAIN CoLab at Lackland
AFB, Texas. This laboratory contains 30 Compaq DeskPro 486/33L computers with
NEC/Multisync VGA monitors and CH Products Flight Sticks.

Tasks

Slalom task. The slalom task required subjects to “fly” the simulator though “gates™ in the
sky. Subjects had to maneuver the simulator horizontally and vertically to fly through the gates.
Four different courses (2 easy and 2 difficult) were used. Trials lasted 3 minutes and subjects
were instructed to fly through as many gates as possible while minimizing misses. Speed (i.e.,
number of gates made) and accuracy (i.e., percent gates made) were measured and provided as
feedback between trials.

Strike task. The strike task, required subjects to navigate the simulator through the simulated
environment and shoot three targets. Trials ended when all targets were shot or after five
minutes. Subjects were given feedback at the end of each trial. Feedback scores were computed
based on the number of targets shot, total time (in seconds), and number of missiles fired [score
= (100,000 * targets shot) / (time * missiles)]. In a transfer test, a more difficult version of the
task was used. In this task subjects had to shoot four targets instead of three.
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Procedure

In Phase 1 subjects were divided into three groups: performers, observers, and no-observe
controls. The performers and observers were paired with each other. During training, the
performers performed the slalom task 100% of the time while the observers watched. Subjects
were not allowed to talk to each other. Meanwhile, the no-observe controls played a computer-
based card game. There were two practice sessions separated by a test session. A second and a
third test session occurred after the second practice session. During all three test sessions, all
subjects were tested on four three-minute trials on the slalom task. Phase 1 ended with a
“remediation” session in which the observers and controls practiced the slalom task while the
performers played the computer-based card game. This remediation period was designed to
reduce any group differences that occurred in Phase 1 and make the groups more comparable in
total time on task. This remediation period was followed by two test sessions, and an 18-hour
retention test session.

Phase 2 of the study was identical to Phase 1 except that the Strike task was used instead of
the slalom task. In addition, to control for residual effects, 1/2 the performers in Phase 1 became
observers in phase 2, and 1/2 the observers in Phase 1 became performers in phase 2. There were
two practice sessions separated a test session and followed by a second test session. All test
sessions in phase 2 consisted of three trials of the easy version and three trials of the difficult
version of the strike task.

RESULTS

Phase 1

Slalom task performance. The Slalom task speed scores (i.e., average number of gates made)
for the three groups during in Phase 1 of the study are shown in Figure 1. As expected,
performers showed a large practice effect during the first two practice blocks. Across the first
three test blocks (shown as T1, T2, and T3 in Figure 1), performers showed better overall
performance (M = 10.79) than observers (M= 5.81) and controls (M= 5.33). The average speed
scores on these tests were submitted to a 3 (training condition) x 2 (gender) x 3 (test) mixed
factors ANCOVA with pretest scores serving as a covariate and tests serving as a repeated
measures factor. This analysis showed significant main effects of training condition (F (2, 95) =
19.96, p <.001) and test (Wilks’ exact F (2, 95) = 13.75, p <.001). No other main effects or
interactions were significant. Planned contrasts on the training condition factor indicated that:
(1) the performers were superior to the controls (¢ = 5.96, p < .001), and (2) there was no
difference between the observers and the controls (= 1.14, p > .10).

Efficacy of Remediation. During the remediation sessions only the observers and the control
group received practice on the slalom task. The goal of remediation was to reduce any group
differences for Phase 2 of the study. To determine whether the remediation sessions were
successful in reducing group differences, performance on two immediate posttests and two
delayed posttests (shown as T4 to T7 in Figure 1) were submitted to a 3 (training condition) x 2
(gender) x 2 (test: immediate vs. delayed) x 2 (trial) mixed factors ANCOVA with pretest scores
as a covariate. The test and trial factors were repeated measures factors. This analysis showed
only a significant main effect of trial (F (1, 96) = 4.82, p =.031) and a test x trial interaction (¥
(1, 96) = 14.67, p < .001). The main effect of group was not statistically significant (F (2, 95) =
1.46, p = 237), indicating that remediation was effective in reducing group differences.




Phase 2

Overall, performers showed higher average scores on the strike task than observers and
controls (M= 488, 272, and 168 for performers, observers, and controls respectively). However,
performers also had greater variance than subjects in the other two groups (SD =377, 233, and
212 for performers, observers, and controls, respectively). Using Brown

6 Speed (Average Gates Made) |
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Figure 1. Average number of gates made on slalom task during pretest, acquisition,
remediation, and posttest sessions for the three training groups.
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Figure 2. Transformed Strike task scores (square root of raw score) during practice and test
blocks for males and females in the three training groups.

and Forsythe's (1974) test for differences among variances, we concluded that the variances
between training groups were not homogeneous (F (2,96) = 8.90, p < .001). Consequently, we
performed a square root transformation on raw strike task scores to reduce group differences in
variance. The transformed scores for practice and test sessions for males and females in the three
groups are shown in Figure 2. Using Brown and Forsythe's test on the transformed scores, we
concluded that group variances were homogeneous (F(2,96)=3.02,p=.07). All subsequent
analyses were computed on the transformed scores. :

Performers (M = 19.76) scored higher than observers (M= 13.96) and controls (M= 9.93).
Transformed scores from the two test sessions were submitted to a 3 (training condition) x 2
(gender) x 2 (test) mixed factors ANOVA with test being the only repeated measure. This
analysis revealed significant main effects of training condition (F (2, 96) = 11.85,p < .001) and
test (F (1,96) =47.99,p < .001). In addition, the analysis showed reliable interactions between
training condition and gender (F (2, 96) = 5.72, p = .004) and between training condition and test
(F (2,96) =3.41, p=.037). The interaction between training condition and test indicated that
the effect of training condition was larger for test 1 (F (2, 96) = 16.04, p < .001) than for test 2
(F (2, 96) = 6.83, p = .002). )

To explore the training condition X gender interaction, we computed the main effect of
training condition for males and females separately. Males showed a simple main effect of
training condition (F (2, 63) = 12.00, p < .001) and planned contrasts revealed that: (1) the
performers performed better than the controls (# =4.31, p <.001) and (2) there was no difference
between the observers and the controls (£ = 0.14, p = .89). Females also showed a simple main
effect of training condition (F (2,96)=7.71,p= .002), but planned comparisons showed a
different pattern than the males: (1) the performers performed significantly better than the
observers (¢ = 2.96, p = .006), and (2) the observers performed better than the controls (¢=3.71,

p < .001).
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Figure 3. Transformed Strike task scores (square root of raw score) on the transfer task for
“males and females in the three training groups.

. Data from the transfer strike task is shown in Figure 3. Again strike task scores were
transformed to square roots. Analysis indicated that variances between groups on the
" transformed scores were homogeneous (F (2, 96) = 1.44, p = .24). Transformed scores were
submitted to a 3 (training condition) x 2 (gender) x 2 (test) mixed factors ANOVA. This analysis
revealed significant main effects of training condition (¥ (2, 96) = 4.99, p = .009), gender (F (1,
96) =5.57, p = .020), and test (¥ (1, 96) = 15.05, p <.001). In addition there was a significant
training condition x gender interaction (F (2, 96) = 3.12, p = .049). To further examine this
interaction, the main effect of training condition was computed for males and females separately.
For males, the main effect of training condition was significant (F (2, 63) = 4.42, p=.016) but
- planned contrasts indicated that the performers scored significantly higher than the controls (¢ =
2.76, p = .007) while the observers did not (¢ = 0.43, p = .67). For females the main effect of
training condition was significant (¥ (2, 33) =5.16, p = .011) and planned contrasts indicated
that observers (¢ = 3.20, p = .003), but not performers (¢ = 1.84, p = .074), scored higher than the
controls.

DISCUSSION

The data indicates that observation had no effect on the psychomotor task (i.e., slalom task).
Observers' performance did not differ from the control subjects’ performance. In fact, observers
did not show much improvement until the remediation phase, wherein they nearly doubled their
scores. However, even then, observers and control improved at the same rate. In contrast,

" observation did appear to benefit performance on the more cognitive task (i.e., strike task).
However, only females showed the effect. Specifically, females observers performed better than
female controls on both versions of task (i.e., easy and difficult), but female performers differed
from female controls on only the easy version of the task.

The failure to find a significant observational effect for the slalom task is consistent with the
hypothesis that observation should have no effect on tasks that are difficult to represent
symbolically. The slalom task is primarily a visual-motor task. It involves rapid generation of
motor responses based on visual and kinesthetic feedback. The goal can be easily verbalized
(i.e., fly through as many gates as possible) but symbolic representation of the behaviors is
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difficult and involves subtle and intricate responses that require overt rehearsal. While this
conclusion is based on the failure to reject a null hypothesis, it is strengthened by the fact that
controls improved as fast as observers during the remediation phase. If observers successfully
generated a symbolic representation of the task from their observations, it did not appear to help
them during the behavioral production phase of observational learning. In short, observation of
the slalom task was of little practical benefit whatsoever. ‘

The differential effectiveness of observation for males and females on the strike task was
unexpected and is difficult to explain. One possible explanation is gender differences in skill
level. On average, males performed better on the strike task than females. Because observers
were randomly assigned to performers, it could be argued that males observed players with
higher skills less often than did females. Thus, on average, males may have had less opportunity
than females to benefit from observation. This conclusion is less than satisfying for two reasons.
First, male observers did not perform better than male control subjects. Some proportion of the
male observers were paired with subjects of higher skill and should have benefited from
observation, yet there was no apparent benefit. Second, female observers' scores were higher,
though non-significantly higher, than male observers' scores.

A related argument pertains to the nature of skill acquisition. Several theories of skill
acquisition posit that initial stages of skill acquisition focus on declarative knowledge (Anderson,
1983). The emphasis on symbolic representations in Bandura's theory suggests that
observational learning may be more effective during the declarative knowledge stage of skill
acquisition. In context of the current data, perhaps males can by-pass the declarative knowledge
stage more quickly than females because of higher aptitude for the task (Goettl, Yadrick, Gomez,
Regian, and Shebilske, in press). This would explain the gender difference in observational
learning. However, the present data provide little support for or against this hypothesis.

Another reason for the differential effect of observation for males and females may be related to
how males and females perform the task. Perhaps females attended to the verbal-symbolic
processes in the task while males attended to the nonverbal processes. In other words, perhaps
male observers do not generate or utilize a symbolic representation of the task but females do.
However, without verbal protocols from subjects concerning what they learned from observation
or how they performed the task, the current data can neither confirm nor disconfirm this

hypothesis.
CONCLUSIONS

Observational learning has been shown to be an effective technique for motor tasks that can
be symbolically coded (Carroll and Bandura, 1985; Bandura and Jeffery, 1973) as well as motor
tasks that have significant cognitive components (Shebilske and Regian, 1992; Shebilske et al.,
1993). The present data are consistent with these previous findings in that observational learning
was more beneficial for a task with significant cognitive processing demands than one that
primarily requires psychomotor skills. The major aspect of psychomotor tasks may be the
acquisition of coordination between visual and proprioceptive cues. If so, such tasks may fall
outside the domain of observational learning.

The present results provide additional evidence that observational learning may be an
effective tool to use in conjunction with automated instruction. However, its use may be limited
to certain individuals and certain tasks. Identification of these limits will aid in the application of

group pedagogy into CBT.
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